Land use/cover change (LUCC) attributed to natural factors and human activities has led to the loss of ecosystem services, making the quantitative valuation of ecosystem services the scientific focal pointfor sustainable development. This study assessed changes in the ecosystem services values (ESVs) due to LUCC during the period 1990-2016 in the Kilombero Valley floodplain, located in southeastern Tanzania. Moderate resolution Landsat images from 1990, 2010 and 2016 were obtained and analyzed using a random forest (RF) algorithm for classification, and ArcGIS Desktop software (version 10.2, Esri, Redlands, CA, USA) for mapping to assess the LUCC. The ESVs were estimated based on the benefit transfer approach using adopted global value coefficients and modified local value coefficients. The results revealed that the aggregated ESVs of the forests, bushlands, wetlands, and water had decreased, consequently leading to a total loss of US$ 811.5 million (26.6%) in ESVs over the past 26 years when calculated with the modified local value coefficients to US$ 3000.7 million (42.3%) when calculated with global value coefficients. Moreover, the loss in the ESV was attributed to the decreased values of water regulation, climate regulation, erosion control, nutrient cyclying, habitat/refugia, and water supply, with the exception of the values of food production and biological control, which gradually increased during the study period. This study provided minimum estimates of the ecosystem service values, which willcontribute to the formulation of policy actions and strategies for sustainable management of the Kilombero Valley floodplain and inform various stakeholders on the tradeoffs involved in the use of land resources
Introduction
Ecosystem services are the benefits that human beings derive, directly or indirectly from ecosystem functions [1] [2] [3] . These services are categorized into four major categories: provisioning services, supporting services, regulating services and cultural services [3, 4] . The ecosystem goods and services support ecological processes and functions and provide resources for the survival of all organisms. Global land use/cover change (LUCC) affects the status and integrity of different ecosystems, leading to the loss of the ecosystem services and functions in the recent decades [5] [6] [7] [8] [9] [10] . The valuation of ecosystem services with LUCC assessments has become a focal point for most scientific researches because it raises awareness [5, 11] , provides information on the most valuable ecosystem services that need to be conserved [9, 12] , improves decision making for the allocation of scarce resources among competing demands [2, 10, 13] and assists the formulation of policies and strategies that ensure sustainable management of an ecosystem [14, 15] . Ecosystem services valuation is the estimation of the marginal value of ecosystem services that determines the costs of losing or the benefit of preserving a given amount or quality of an ecosystem service [16] . The valuation methods of ecosystem services have been divided into two categories: first, the primary valuation methods that follow different economic approaches, which involve market prices, travel cost, the hedonic method, production approaches, conjoint analysis, opportunity cost and replacement cost [9, 14] . The second is the biome or land use proxy-based method, which is based on the benefit transfer approach and applies the use of the existing ESV information or data from one area to a new region that has little or no data [14, 17] . The benefit transfer approach is more widely used method due to scarcity of primary data and limited financial resources. It provides first-hand information for decision-makers on various aspects of policy actions and strategies for sustainable management of landscape resources [11, 18, 19] . Moreover, ecosystem services are conditioned by the patterns, scales and intensities of changes in land use and land cover (LULC) types [6, 20] . These variations in LULC types in a given area can be used as a substitute for biomes/ a proxy to estimate ecosystem service values (ESVs) at the specific landscape level [7] .
Moreover, the valuation of the ecosystem services and their changes has drawn much attention after publication by Constanza et al. [1] that proposed 17 types of ecosystem services coefficients of 16 biomes and the estimated the ecosystem services values at the global scale. Since then, there have been numerous studies that value ecosystem services at the national level [21, 22] and at the state/regional level [11, 19, 23] , based on these proposed value coefficients [24] . In addition, for the corresponding value coefficients of different biomes, the Economics of Ecosystems and Biodiversity (TEEB) valuation database was also developed mainly based on the literature of case studies in different parts of the globe [25] . Most studies employed these proposed value coefficients through a benefit transfer approach together with remote sensing and GIS technologies estimation to estimate the ESV and mapping their distributions [21, 26] . This approach has been practical to estimate ESVs and suggests management options for regions with scarce data [7, 24] . Though there have been efforts to estimate ESVs for areas with scarce data, there are few studies on the ecosystem services valuation in relation to the LUCC dynamics in East Africa, particularly, Tanzania. Thus, this study used the Kilombero Valley floodplain in Tanzania as the case study.
The Kilombero Valley floodplain in Tanzania provides important ecosystem services to the local communities, which directly or indirectly improved their wellbeing, as they solely depend on the exploitation of natural resources for their livelihood and income [27, 28] . Nevertheless, the valley is experiencing land use intensification and wetland degradation due to population pressure, government policies that aimed at increasing agricultural investments both foreign investment and private-public partnerships, and the current climate change/variability [29] [30] [31] [32] . Leemhuis et al. [31] revealed that the continuous land use/cover change towards deforestation, agriculture expansion and intensifications in this valley has led to a severe shift in water balance components and impact on the wetland ecosystem, particularly the degradation of the existing wildlife corridors. Despite these studies, the effects of temporal and spatial land use/cover change on ecosystem service values in the Kilombero Valley floodplain are not well understood. It is important to evaluate ecosystem service values as they raise awareness of the consequences, select valuable ecosystem services for conservation and improved decision making regarding the management of an ecosystem. Additionaly, the approach of deriving ecosystem service values from the global and modified local coefficients with higher local validity for the study area is limited. Therefore, the objectives of this study are:
(1) To estimate changes in ecosystem service values in response to land use/cover change that occurred over the past 26 years (1990-2016) in Kilombero Valley floodplain based on the adopted global and modified local value coefficients (1994 US$ ha -1 year -1 ) [1, 7, 33] . (2) To explore the changes of individual ecosystem function values due to the effects of dynamics in each land use and land cover type. The discussion offers suggestions of possible policy actions and strategies that can be employed for environmental management of the degraded Kilombero Valley floodplain and other areas of similar ecological importance.
Methodology

Study Area
The Kilombero Valley floodplain, located in the Morogoro region of southeastern Tanzania, was selected as the study area for this research. Kilombero Valley is located in the floodplain of the Kilombero River catchment, that lies between the Udzungwa great escarpment in the north and the Mahenge Highlands in the south covering an area of approximately 30,500 km². The valley is administratively separated into three districts: the Kilombero, Ulanga and Malinyi districts (10°00′-08°40′ S and 35°10′-37°10′ E) and divided by the Kilombero River ( Figure 1 ). The Kilombero River itself receives inflow from the permanent and seasonal Rivers from the Mountains, feeding the seasonal Kilombero wetlands that cover 7967 km² representing the largest freshwater wetland in Africa below 300 m above sea level. These wetlands have a rich endemic species of flora and fauna and encompass the number of wildlife corridors. It was designated as a Ramsar site in 2002 and therefore managed by the Ministry of Natural Resources and Tourism through stipulated rules and regulations following the Ramsar convention [34] . The Kilombero Valley floodplain is characterized by a sub-humid tropical climate with an annual rainfall of approximately 1200-1400 mm with relative mean humidity ranging between 70 and 90%. However, the precipitation in the valley floodplain shows high spatiotemporal variability, whereby the mountainous area receives up to 2100 mm precipitation, which is 1000 mm more precipitation compared to the floodplain [32] . It has two rainy seasons with an annual mean temperature between 24 °C in the valley and 17 °C in the higher altitudes [32] . Geologically, the valley floodplain is described by sedimentary basin infillings forming a seasonal alluvial floodplain dominated by fluvisols. Natural vegetation in the Kilombero Valley floodplain depends on the gradients from the rivers; on the riverside vegetation is often dominated by Hyparrhenia spp. and Reed (Phragmites mauritianus Kunth.), followed by the low-lying valley grassland with the perennial grass including Guinea grass (Panicum maximum Jacq.), marginal grasslands occasionally with trees, marginal woodlands, combretacoes wooded grasslands, and last, miombo woodland and forests exists on the upper valley [35] . The natural forests and miombo woodlands occupy the large part of the valley.
The predominantly socioeconomic activities in this valley floodplain are crop production, livestock keeping and fishing [32] . The fertile floodplain has been an enticement for farmers to engage in crop production. Approximately 80% of the rural population in KVFP is engaged in subsistence, small-scale irrigated and rain-fed agriculture, mainly rice, maize, sugarcane, and more recently cocoa and banana [36] . Nationally, agriculture accounts for 25% of Gross Domestic Product (GDP), and at the local level it accounts for three quarters of the individual rural households income [32] . Currently, rice and sugarcane cultivation and livestock keeping dominate the landscape land use system.
Data Used and Methods
The datasets used for this study were acquired from various sources (see Tables 1 and 2 ). The LULC datasets were acquired from Msofe et al. [29] . The datasets were generated by conducting supervised images classification employing random forest (RF) algorithm on imagery from Landsat-5 Thematic Mapper (TM) of 1990 and 2010 and the Landsat-8, Operational Land Imager (OLI) of 2016 with the spatial resolution of 30 m, which were then mapped using ArcGIS Desktop version 10.2 software, Esri, California, USA. The land use and land cover types were classified into eight classes i.e., forest, bushland, grassland, agriculture, urban area, bare soil, water, and wetland. LULC change detection was performed using spatial automatic overlay analysis and the Zonal Tabulate Area function in ArcGIS version 10.2 to generate the Markov chain transition matrix of the study area. Then, the post classification process was executed by recoding, majority filtering, clumping, elimination and mosaicking of the classified maps to reduce errors in the produced maps. Table 1 . Land use and land cover (LULC) types with their areas in increment of 10 2 ha for 1990, 2010 and 2016 adapted from Msofe et al. [29] and biome equivalents with their corresponding ecosystem service value coefficients (VC) in 1994 US$ ha -1 year -1 (a) modified local value coefficients (adapted from Kindu et al. and Temesgen et al. [7, 33] ), with permission from Elsevier, 2016 and MDPI, 2018, respectively (b) global value coefficients (adapted from Costanza et al. [1] , with permission from Nature research, 1997).
LULC Types
Year Area ( Furthermore, an accuracy assessment was performed and indicated good overall classification results, with an accuracy of 86.7% and a kappa coefficient of 0.82, which satisfied the requirements of accuracy test and validated the classification results [29] . The eight LULC types were then compared with their corresponding equivalent biome, which were developed Costanza et al. [1] , Kindu et al. [7] and Temesgen et al. [33] . The most representative biome was used as a proxy for each LULC type, including (1) cropland for agriculture; (2) desert for bare land; (3) tropical forest for bushland; (4) tropical forest for forest; (5) grass/rangelands for grassland; (6) urban area for settlement; (7) rivers/lakes for water and (8) wetland/marsh for wetland (see Table 1 ).
This study employed the benefit transfer approach to estimate the ecosystem service values based on the adopted global and modified local value coefficients of the ecosystem services for the target LULC types; for examples, see [6, 11, 37] . The adopted modified local value coefficients of the ecosystem services for cropland, desert, tropical forest, grasslands, urban and freshwater biomes were obtained from Kindu et al. [7] , whereas the value coefficients for wetland/marsh biome were obtained from Temesgen et al. [33] . These coefficients were generated based on expert knowledge of the ecological conditions of the Ethiopian highlands landscape and from other literature, mainly from the TEEB valuation database [10] . The modification of ES value coefficients was performed based on the benefit transfer (BT) approach, which refers to the adaptation of existing values or data from one site to estimate the ESVs of other new similar sites in the absence of the site-specific valuation information [14, 17] . It is principally useful when primary data collection is not feasible due to budget or time constraints [14] . These studies considered values from tropical areas with LULC types similar to their studied geographical setting to ensure the applicability of the transferred data from the TEEB valuation database. Moreover, the value coefficients from these studies were obtained in tropical highlands areas similar to the geographical setting of our study area. The global ecosystem service value coefficients were employed from ecosystem services valuation model of Costanza et al. [1] . Table 2 gives the detailed ecosystem service functions and their modified local value coefficients of each LULC type. All value coefficients were converted into 1994 US$ ha −1 year −1 to facilitate the estimation process of the ESVs and their changes. Table 2 . Details of the ecosystem service functions and their modified value coefficients for each LULC type in 1994 US$ ha −1 year −1 based on the adopted modified local coefficients. 
Ecosystem Services Each LULC Types of Ecosystem Service Values (1994US$/ha/year)
Data Analyses
Most assessment of the ESVs use a benefit transfer approach based on the global value coefficients or modified value coefficients developed by other scholars, especially in data-deficient areas [1, 2, 9, 38] . The overall methodological approach used in this study for the estimation of the ESVs for 1990, 2010 and 2016 years and the computation of changes between study periods is shown in Figure 2 . The LULC datasets for each year, which were used as proxies for the measurement of the ESVs were prepared, and the corresponding area in hectares was assessed and presented in a raster in the GIS. In the ecosystem service valuation process, the value coefficients are assigned to each LULC type, according to this study value coefficients used were those of Costanza et al. [1] and the adopted local modified ecosystem services coefficients followed those of Kindu et al. and Temesgen et al. [7, 33] (see Table 1 ). Then, the total value of ecosystem services in the study area for 1990, 2010 and 2016 was calculated by multiplying the area of a given LULC type by the corresponding modified ecosystem service value coefficients that were extracted from weight factors of the ecosystem services per hectare of each biome, see equation (1) , which was used by [7, 11] , as follows:
where ESV = the total estimated ecosystem service value, Ak = the area (ha) and VCk = the value coefficient (US$ ha −1 year −1 ) for LULC type 'k'. The ESVs for all land use and land cover (LULC) types were calculated with the exception of those for bare soil and settlement as they appeared to be zero in both cases because their value coefficients equaled zero. Moreover, the change in the ESVs was determined by calculating the differences between the estimated values for each LULC category in 1990, 2010 and 2016. The percentage changes in the ESVs between the years were calculated based on the equation below:
where ESVt2 (US$ ha −1 year −1 ) = the estimated ecosystem service value in the most recent year, and ESVt1 (US$ ha −1 year −1 ) = the estimated ecosystem service value in the previous year. Positive values suggest an increase in the ESVs, whereas negative values imply a decrease in the ESVs. Moreover, we also estimated the values of the services provided by individual ecosystem functions within the study area using the following equation:
where ESVf is the estimated ecosystem service value of function f, Ak is the area (ha) and VCfk is the value coefficient of the function f (US$ ha −1 year −1 ) for LULC category 'k'. The contributions of the individual ecosystem functions to the overall value of the ecosystem services per year were calculated and summarized in the tables.
Results
States of and Changes in the Ecosystem Service Values
The evaluation of the ecosystem service values of the Kilombero Valley floodplain for the years 1990, 2010 and 2016 is presented in Table 3 and Figure 3 . It showed that the total estimated ESVs of the whole study area were approximately US$ 3049.7 million in 1990, US$ 2657.4 million in 2010 and US$ 2238.2 million in 2016 (see Table 3 Part a) when the locally modified value coefficients were used. In general, the total estimated ESVs had decreased by US$ 811.5 million (26.6%) during the period from 1990 to 2016. The gradual decline of the total ESV over the last 26 years was described by the difference in the ESVs among the LULC types within the different years in the study area. The aggregated ESVs of forest, bushland, wetland, and water decreased from US$ 2948.4 million (96.7%) in 1990 to US$ 1940.6 million (86.7%) in 2016 and primarily accounted for the total loss in the ESVs in the Kilombero Valley floodplain (see Table 3 Part a). The consistently decreased area coverage of forest, bushland, wetland, and water led to decreased ESVs (Figure 3 ), affecting the total estimated ESV of the study area.This was evident from the fact that the aggregated ESVs of the forest, bushland, wetland, and water ecosystems declined by approximately US$ −1007.8 million in the last 26 years, which was significantly higher than the total decline in ESVs in the whole study area, which decreased by approximately US$ −881.5 million (see Table 3 Part a). Moreover, wetlands and water have very small areas but have high contributions to the total ecosystem service values due to their large value coefficients (see Table 1 ). In 1990, wetlands and water accounted for 292 million (9.6%) and 185.6 million (6.1%), respectively, of the total ESV, whereas in 2016, wetlands and water accounted for 53.9 million (2.4%) and 24.3 million (1.1%), respectively, of the total ESV(see Table 3 Part a), indicating a decreasing trend. Similarly, when the global coefficients developed earlier were used, the ESVs were observed to decline from US$ 7094.7, 5558.1, and 4094.0 million in 1990, 2010 and 2016, respectively (see Table 3 Part b), leading to a total loss of US$ 3000.7 million (42.3%). This estimate was approximately 3.4 times higher than the loss estimated with the modified local value coefficients were adopted. The amount of ESVs also differed among the LULC types in different years. 
Relationship between Changes in ESV and Land Use/Cover Change
This study found that there were changes in ESVs, particularly towards the decline in the total ESVs over 1990-2010, 2010-2016 and the entire study period 1990-2016. The total amounts of the changes in the ESVs were US$ 392.3 million (12.9%), US$ 419.2 million (15.8%) and US$ 811.5 million (26.6%) for 1990-2010, 2010-2016 and 1990-2016, respectively, when the adopted modified local value coefficients were used (see Table 4 Part a). This decline in the total ESVs was reflected by a decrease in the ESVs of forest, bushland, wetland and water from US$ 308.7 million (10.1%), US$ 299.7 million (9.8%), US$ 238.1 million (7.8%), and US$ 161.3 million (5.3%), respectively, of the values that existed in 1990. However, the ESV of agriculture increased for the entired duration of the study, with the amount of approximately US$ 77.4 million of the value existed in 1990 (see Table 4 Part a). With the global coefficients, although the amounts differed, a significant decrease in the total values was also observed in 1990-2010, 2010-2016 and 1990-2016 (see Table 4 Part b).
In general, the changes in the total ESVs were influenced by the changes in the areas of the LULC types in the study area different years (Figure 3) . The LULC types have been changing towards decreased forest, bushland, wetland and water during the study period. The statistics of the LULC types in the area ratio showed that forest decreased from 64.1% in 1990 to 53.9% in 2016, implying a decrease of 10.3%. Moreover, the area of bushland also declined from 18% in 1990 to 18.1% in 2016, implying a decrease of 10%. The wetland area and water decreased from 4.6% to 0.4% and 0.8% to 0.1%, respectively, during the study duration ( Figure 3 ). The Markov chain transition matrix, showed that from 1990-2010, the forest area decreased by 2752 km 2 , of which 1651 km 2 was converted into bushland, and 422 km 2 and 444 km 2 were changed to agricultural land and grassland, respectively. The wetlands decreased by 449 km 2 , with 324 km 2 converted to grassland and 57 km 2 into grassland (see Table 5 ). From 2010-2016, the area of forest decreased by 337 km 2 , of which 39.5% changed to grassland and 30.5% and 27% were converted into bushland and agricultural land, respectively. The area of bushland decreased by 34883 km 2 with 44.7%, 34.1% and 20.5% converted to forest, grassland and agriculture, respectively. The wetlands were reduced by 705 km 2 , with 72.6% and 18.9% changing to grassland and agricultural, respectively (see Table 6 ). These changes have consequently led to significant decreased in the total ecosystem service values in the study area. For instance, in 1990, for the adopted modified local coefficients, the ESVs of forests, bushland, wetland and water accounted for approximately 1928.4 million (63.2%), 542.2 million (17.8%), 292 million (9.6%) and 185.6 million (6.1%), respectively, of the total ecosystem service values in the study area. In 2010, the forest contributed 1656.8 million (62.3%) of the total ESVs in the study area; bushland contributed 586.4 million (22.1%); wetland, 199.3 million (7.5%); and water, 45.4 million (1.7%). In 2016, forest also accounted for the large part of the ESVs i.e., 1619.7 million (72.4%), while bushland, wetland and water accounted for approximately 242.7 million (10.8%), 53.9 million (2.4%) and 24.3 million (1.1%), respectively, of the total ESVs in the study area (see Table 3 ). Additionally, the forest ecosystem greatly affected the total ecosystem service values in the study area, as the ecosystem service values declined significantly by 271.5 million (8.9%) from 1990-2010 and 37.2 million (1.4%) from 2010-2016, implying a decrease of 308.7 million (10.1%) (see Table 4 ). However, the areas of agricultural land and grassland increased by 11.3% and 13.3%, respectively (Figure 3) , implying an increase change in their ESVs of approximately US$ 77.4 million (2.5%) for agricultural land and US$ 118.9 million (3.9%) for the grassland, during the entire study period. Nevertheless, the increased in ESVs of agricultural land and grassland couldnot offset the contribution ofwetlands, forests, water, and bushlands to the loss in the total ESV in the study area.The area used for agriculture increased almost 11.3 times during the study period, but the corresponding ESV illustrated a slight increase from 1% in 1990 to 4.9% in 2016, implying an increasing trend of 2.5% (see Table 4 )., This trend was lower compared to the increased area of agricultural land because the value coefficient of the agricultural land was lower than that of wetlands, water, and forests (see Table 1 ). This influence of land use/cover change on the total ESV was similar to that found when using global value coefficients.
Estimated Values of Ecosystem Functions and their Changes
The estimated annual value of the ecosystem functions and their changes in each year for the adopted modified local and global coefficients are shown in Table 7 . It was revealed that 16 out of the 18 ecosystem services included in this study declined significantly when measured with the modified local coefficients (Table 7 ). The exceptions were the food production and biological control, for which the ESVs increased by US$ 70 million and US$ 10.5 million, respectively, over the last 26 years, and the others declined spontaneously. There were six ecosystem services that decreased significantly and compromised 89.4% of the total ESV in 1990; water regulation (US$ 172.7 million), climate regulation (US$ 154.1 million), erosion control (US$146.1 million), nutrient cycling (US$122.2 million), habitat refugia (US$ 68 million) and water supply (US$ 62.1 million) (see Table 7 ). The decline in ESVs of water regulation, climate regulation, erosion control, nutrient cycling, habitat/refugia, and water supply were associated with the deforestation in the study area. The deforestation associated with forest conversion to cropland was intensive, as forest ecosystem had a large contribution to the decline in the total ESV of 10.1% and 8.9% as calculated by the modified local and global value coefficients, respectively (see Table 4 ). Moreover, the overall order of the contribution to the total ESV by the ecosystem service categories was as follows, from (high to low): regulating services (US$ 1862.3 million), which were followed by supporting services (US$ 641.7 million); provisioning services (US$ 518.0 million) and cultural services (US$ 27.7 million). This order of contribution remained the same through the study period, even though the contribution of the individual ecosystem service functions to the total ESV decreased by US$ 811.5 million throughout the study period. Although the amount was different when using the global coefficients, the trend of the contributions of the ecosystem services to the total ESV was observed to be similar (see Table 7 ).
Discussion
Changes in the Ecosystem Service Values and Land Use/Cover Change
The LULC data derived from remotely sensed imagery and GIS analysiswere employed as a proxy for the measurement together with their corresponding value coefficients to assess the changes in the ESVs in response to land use/cover change in the Kilombero Valley floodplain, southeastern Tanzania, based on the benefit transfer approach. This approach is currently being used by various researchers to evaluate ecosystem service values and their changes despite criticism of assumed uniformity within the land uses and the lack of consideration of the variation in the socioeconomic conditions within an area [7] . The benefit transfer approachallows elimination of the cost of ground data collection, and gathers quick and reliable information for similar data in data scarce areas [1, 7, 11, 25, 39] . In this study, the proxy LULC dataset produced by Msofe et al. [29] from the Landsat 5 Thematic Mapper™ and Landsat 8 Operational Land Imager (OLI) images and their corresponding global ecosystem service value coefficients that were adopted from Constanza et al. [1] as well as the modified local value coefficients from Kindu et al. and Temesgen et al. [7, 33] were used to estimate the ecosystem service values and their changes. The changes in patterns of land use and land cover types were some of the important drivers that affected the quality and quantity of ecosystem services and the provision of functions [2] . The results showed that land use/cover change have been towards decreased forests, bushlands, wetlands, and water while agricultural land and grassland have increased, affecting the sustainability of the provision of ecosystem services to the Kilombero Valley floodplain ecosystem. These changes are due to population growth, intensification of human activities and government policies and initiatives that aim to improve the economy of the country without considering the environmental consequences [29, 31] .
The results of the estimated ESVs in the study area showed that the total ESV obtained from the adopted modified local value coefficients had decreased by US$ 811.5 million (26.6%) over the period from 1990 to 2016, whereas the loss was estimated to be US$ 3000.7 million (42.3%) when using the global value coefficients established by Constanza et al. [1] . This estimate was approximately 3.4 times higher than the loss estimated with the adopted modified local value coefficients. The decline in the total ESV was attributed to the decrease in the ESVs of forests, wetlands, bushlands and water, consistency with varied proportions during the study period. The reduction of these ecosystem service values was mainly attributed to the LUCC, which mainly decreased in area of the forests, bushlands, wetlands and water in the study area ( Figure 3 ). The interaction of the changes in these LULC types affected the total estimated ecosystem service values in the study area. It was revealed that the ecosystem service values for the forest ecosystems contributed significantly to the declining total ESV by 10.1% and 8.9% according to the modified local value coefficients and global value coefficients, respectively (see Table 3 and Table 4 ). The aggregated area of change in the wetland and water was relatively small compared to those of other land use/cover types; however, they have a considerable impact on the total value of the ES due to their higher value coefficients.This was similar to the findings of other studies, which revealed that land use/cover change resulted in significant loss in the values of ecosystem services [5] [6] [7] 19, 23] .
The quantitative results of our study for 1990-2010, 2010-2016 and 1990-2016 revealed the extent of the changes in the ESVs that occurred as a result of LUCC throughout the study period. In general, the total estimated ecosystem service values showed a declining trend for both the modified local value coefficients and the global value coefficients by Costanza et al. [1] . The total amounts of the changes in the ESVs were US$ 392.3 million (12.9%), US$ 419.2 million (15.8%) and US$ 811.5 million (26.6%) for 1990-2010, 2010-2016 and 1990-2016, respectively, when adopted locally modified value coefficients were used. With the global coefficients, although the amount differed, a significant decrease of the total values was also observed over the study period.
Moreover, our study revealed that there was a decrease in the contributions of the individual ecosystem service functions to the total ESV in the study area. Significant decreases occurred in the values of water regulation, climate regulation, erosion control, nutrient cycling habitat/refugia, and water supply, with the exception of the value of food production and biological control, which gradually increased during the study period. The increase in the value of food production was mainly due to the increase in the agricultural land. This was similar to the results of Tolessa et al. and Rai et al. [6, 40] , which revealed that the increased value of food production as the provisioning services was attributed to the increase in croplands in their study areas. Moreover, our estimation results it showed that the ecological degradation in the Kilombero valley floodplain had a larger affect on the provision of the ecosystem services in different categories, particularly the regulatory, provisioning and supporting services. This was also supported by Wilson et al. [32] , who revealed that deforestation, agricultural expansion and the intensification of human activities have led to ecological degradation in the Kilombero Valley floodplain and have profoundly decreased large mammal populations, caused the loss of soil fertilityand increased soil erosion, deterioration of wildlife corridors and the loss of habitat/refugia. The limitation of this study was that we did not employ the coefficient of sensitivity (CS) analysis method to account for the uncertainty of the represented biomes because this method has been criticized by its inability to address the reliability of the ESV estimation. This is because CS analysis is independent from the ±50% change in VC and it always gives values less than 1, which inaccurately indicates that the coefficients are robust [5, 41] . Therefore, our study highlighted that further research is needed to establish another coefficient sensitivity analysis method that can account for the uncertainty of the model and the represented biome types.
Environmental Planning and Management Implications of Changes in the ESV
The valuation of ecosystem services provides useful information for future appropriate intervention policies and laws that protect an ecosystem. It has been argued that the studies estimating ESV and their changes through time often provide useful evidence to guide policy and management decisions, but they rarely provide an indication of where this may be applicable to the protection [42] . This study provided means for comparing the changes in the ESVs from LUCC and identify the policy actions and strategies that can be employed to reduce the impacts, which will contribute to environmental management, spatial planning, and the formulation of the policies for the protection and conservation of the Kilombero Valley floodplain. Payments for environmental services (PES) are tool for managing ecosystems and are associated with ecological and economic services [43] . The Environmental and Management Act-EMA (2004) of Tanzania disputed the provision of PES in watershed and wetlands management, but no schemes have been established so far, probably due to financial constraints, the lack of public awareness and/or technical capacity [44] . However, due to the detrimental environmental degradation in the Kilombero Valley floodplain, particularly deforestation and wetland degradation, the management of the Kilombero Valley floodplain should emphasize decision-making that focuses on the specific ecosystem services and involvesPES to reduce the impacts of LUCC. Moreover, identification of strategic areas where PES and other mechanisms can be established by employing ecosystem-based spatial planning through strategic environmental assessmentto help reduce the ecosystem services loss associated with LUCC [45] . Additionally, there should be emphasis on the establishment of a management authority for the Kilombero Ramsar site, which will integrate various stakeholders, policy frameworks and ensure appropriate decision-making that considers all the elements of the ecological characteristics of the wetlands to assess the impact of human activities, including the effects of large agricultural schemes on wetland ecosystems while ensuring wise use of wetland resources. Furthermore, the development of an awareness-raising program that explains the importance of ecosystem services for human wellbeing and the incorporation of ecosystem services in spatial planning decisions will be a solution for maintaining and enhancing the functioning of ecosystem services in Kilombero and other areas of similar ecological importance.
Conclusions
The land use/cover changes in the Kilombero Valley floodplain have resulted in a loss of the ecosystem service values over the last 26 years. It is estimated that the total ESV has decreased by US$ 811.5 million (26.6%) when using the adopted modified local value coefficients to US$ 3000.7 million (42.3%) when using global value coefficients. This loss of ecosystem services is associated with decreased forests, wetlands, bushlands, and water. Moreover, significant changes have occurred in the values of the specific ecosystem functions, such as water regulation, climate regulation, erosion control, nutrient cycling, habitat/refugia, and water supply, which were among the highest contributors to the total ESVs in the Kilombero Valley floodplain. However, the value of food production and biological control has gradually increased during the study period, which is mainly due to increase in the agriculture land and grassland. The estimated losses of ecosystem service values in last 26 years have shown that Kilombero Valley floodplain has been ecologically degraded and that it needs attention. The minimum estimates provided by this study give preliminary information that can be utilized by various development stakeholders to take into account the financial costs of the ecological losses that occurred. Our study further recommends policy actions and strategies that take into consideration the ecosystem-based approach to maintain a balance between development initiatives and ecosystem health. In addition, local communities should adapt climate-smart agriculture, such as agroforestry, to protect forests and payment for environmental services (PES) to protect forests and wetlands,which have had larger contributions to the total ESVs. Nevertheless, the valuation of the ecosystem services showed the status of the ecosystem services in the Kilombero Valley floodplain and the minimum estimated values that provide insight into the tradeoffs involved in land resource use.
